Infection prevention practices in adult intensive care units in a large community hospital system after implementing strategies to reduce health care-associated, methicillin-resistant Staphylococcus aureus infections 
Conclusion:
In this large, community-based health care system, there was substantial variation in the products and methods to reduce health care-associated infections. Despite system-wide emphasis on basic practices as a precursor to adding special approach technologies, this survey showed that these technologies were commonplace, including in facilities where improvement in basic practices was needed.
Health care-associated infections (HAIs) are an ongoing problem in US health care facilities. For example, infections because of methicillin-resistant Staphylococcus aureus (MRSA) are especially prevalent, accounting for 75% of intensive care unit (ICU) S aureus infections and 60% of non-ICU S aureus infections. 1 As a result, there has been considerable pressure to reduce HAIs. Common practices include the implementation of strategies aimed at a particular organism, such as MRSA. MRSA prevention strategies range from "active screening"dactively culturing the anterior nares of patients on admission to ICUsdto the implementation of contact precautions for all MRSA-positive patients 5 and to the use of various topical or systemic antimicrobial agents to "decolonize" MRSA-positive carriers and thereby prevent subsequent MRSA infection. Whereas strategies that specifically target a particular organism like MRSA are widely accepted, many now question whether universal strategies that impact all pathogens may be more effective, such as the use of universal chlorhexidine gluconate (CHG) bathing in place of usual soap and water baths for all patients. [6] [7] [8] This is particularly relevant because of rising numbers of other antibiotic-resistant pathogens, such as multidrug-resistant gram-negative bacilli, as well as the limits to hospital resources dedicated to infection control and prevention. In addition, there is the ever-present interest in special products, such as impregnated central lines and antiseptic patches, which promise to help reduce infections but are more costly than traditional products. Evidence supports all of these approaches, from active screening to decolonization to universal pathogen control, as potential strategies for reducing HAIs. However, there is still a lack of baseline information of current practices. There have been few surveys of infection prevention practices and compliance with recommendations, and these studies have shown a high amount of variation in compliance based on local practices. [9] [10] [11] [12] Additional study to understand the variation that exists in current practices will be necessary to both evaluate current recommendations and inform comparative effectiveness studies that will guide future HAI prevention practices. National pressure to adopt a single strategy is mounting, and thus an assessment of current practices would greatly inform the field. This paper presents a survey of the practices present in subset of ICUs in a large, national hospital system. Most of these ICUs are within community hospitals, which provide the majority of hospital care in the United States. 13 This survey of practices in these ICUs provides valuable insight into the adherence to evidence-based practices as well as the variation in products and processes used. The information from this survey provides a snapshot of current practices that will ultimately guide investigation into the clinical effectiveness of strategies to reduce HAIs because of MRSA or other organisms.
METHODS

Setting
HCA Inc is one of the largest health care systems in the United States. HCA-affiliated facilities (collectively referred to as HCA) currently include 166 hospitals, 116 outpatient surgery and endoscopy centers, and over 400 physician practices in 23 states and England. HCA facilities provide nearly 5% of major hospital services in the United States. These facilities range from academic health centers and tertiary-referral hospitals to general community and critical access hospitals and serve a highly diverse patient population. 14 There are approximately 1.5 million adult admissions to all HCA hospitals annually, with nearly 250,000 patients (15%) admitted to adult ICUs. Evidence-based practice bundles from the Society for Healthcare Epidemiology of America compendium 15 and Institute for Healthcare Improvement 5 Million lives campaign 16 as well as an internally developed program, 17 referred to as the MRSA "ABCs,"
had been implemented in all HCA facilities prior to the survey. The MRSA "ABCs" were implemented in 2007 and involved active MRSA surveillance of high-risk patients, use of barrier precautions, promotion of hand hygiene and disinfection, recruitment of executive champions, and patient empowerment. 17 
Survey methods
An electronic survey of adult ICUs was administered to assess the consistency of practices surrounding the prevention of HAIs. The survey was requested of hospitals that indicated interest in participating in a clinical trial to reduce HAIs because of MRSA, excluding those facilities that did not have an ICU, were specialty care/psychiatric facilities, or were dedicated children's hospitals (n ¼ 13). In addition, those ICUs in which routine CHG bathing was standard practice for more than one third of patients were excluded from the survey as an initial screen because this intervention was in direct conflict with the proposed clinical trial. Whereas this threshold would include mixed medical/surgical populations where CHG bathing for cardiovascular surgery is the standard of care, a total of 35 hospitals did not participate because of preestablished use of CHG cloths in the ICU.
This survey was designed with several parts: (1) hospital and ICU characteristics, including type, number of admissions, and average length of stay; (2) self-assessment of average compliance with basic infection prevention processes; (3) MRSA prevention strategies in use, including screening, isolation, and decolonization; (4) environmental cleaning practices; and (5) use of special approach technology for prevention of central line and ventilatorassociated infections.
Survey questions were sent in September 2009 to infection preventionists and ICU nursing directors, who jointly responded for each adult ICU location using an electronic SurveyMonkey based tool (SurveyMonkey, Palo Alto, CA). Survey results were downloaded into Microsoft Excel (Microsoft Corp, Redmond, WA) for tabulation after validating responses for nonstandard and free text responses.
RESULTS
Respondent hospital and ICU characteristics
Survey responses were obtained from 99 adult ICUs in 55 hospitals. The majority of these hospitals were community based; 5% were major medical teaching hospitals. Hospitals were located across 16 states with an average licensed bed size of 288 (range, 67-875; median, 257) and an average daily census of 163 (range, 13-537; median, 157). Average annual admission was 12,023 (range, 1,459-37,478; median, 12,005). Bed size and geographic distribution are presented in Table 1 . The geographic distribution reflects both the wide geographic range as well as a large number of HCA facilities in Florida and Texas. Classification of the 99 adult ICUs are presented in Table 1 . Annual admissions for these ICUs averaged 1,695 (range, 161-4,689; median, 1,299).
Self-assessment of compliance with infection prevention practices
The median self-reported compliance rate across ICUs for basic infection control practices was 90% (range, 50%-100%) for hand hygiene, 90% for central line-associated bloodstream infections (CLABSI) practice bundles (range, 30%-100%), and 90% for ventilator bundles (range, 30%-100%). Compliance less than 80% was reported in 22% (22) of ICUs for hand hygiene, 15% (15) of ICUs for CLABSI practice bundles, and 16% (16) of ICUs for ventilator bundles. Validation of compliance was not performed.
Patient bathing occurred daily in 98% of ICUs, with 7.9% using CHG bathing products. Oral care of ventilated patients occurred once daily in 18% of ICUs, twice daily in 5%, every 4 hours in 22% and every 2 hours in 35%. Of all ICUs, 6.5% used CHG-based oral care; the others used a variety of other oral care products that did not include CHG.
MRSA prevention strategies
Compliance with contact precaution practices for MRSA is provided in Table 2 . Active surveillance for MRSA colonization occurred for 100% of ICU direct admissions or transfers because of implementation of the HCA MRSA "ABC" initiative. Nares screens for active surveillance were taken within 24 hours of admission. The prevalence of MRSA in adult ICUs averaged 22% (range, 6.9%-43.9%) based on analysis of microbiology testing for colonization and infection.
Body sites screened for MRSA were predominantly bilateral nares (85%) or unilateral nares (15%). Other sites also assessed for MRSA colonization included wounds (12%), axilla (2%), and groin (1%). In addition to nares screen at ICU admission, 3% of ICUs routinely repeated screens for patients with at least a 14-day stay. Nares are the most common site to detect MRSA carriage. Screening other body sites and repeat screening are recommended for enhanced control efforts where colonized patients would not be identified by nares testing alone. 18 Contact precautions are enhanced strategies intended to prevent transmission of infectious agents, which are spread by direct or indirect contact with the patient or the patient's environment. Recommendations for health care personnel caring for patients on contact precautions are to wear a gown and gloves for all interactions that may involve contact with the patient or potentially contaminated areas in the patient's environment. 5 As reported in mainly consisted of mupirocin in cardiovascular surgery patients and was observed with high compliance (range, 80%-100%). Variation in the consistency of decolonization among patients within a single ICU was dependent on the unit-based ICU surgical population (ie, dedicated surgical cardiothoracic ICU or a mixed unit where a subportion of patient were surgical cardiothoracic). In addition, for ICU patients undergoing a surgical procedure, 45% of surgical ICUs routinely gave CHG preoperative baths to 80% to 100% of surgical patients, and 21% of surgical ICUs gave CHG preoperative baths to 10% to 50% of surgical patients. Although 65% of protocols for MRSA-positive patient were initiated by physician preference, there was variation in decolonization regimens used and duration of therapy because of the patient population in a particular ICU. When decolonization was performed, the most common regimen was mupirocin alone for 3 to 7 days (regimen reported by 43% of ICUs). CHG bathing for 1 to 10 days plus mupirocin for 3 to 7 days was the regimen reported by 35% of ICUs. Finally, CHG bathing for 10 days plus 10 days mupirocin plus oral antibiotics was the regimen reported by 5% of ICUs. 
Environmental cleaning
The majority of surveyed adult ICUs (90%) routinely used a quaternary ammonium-based product for terminal cleaning at discharge. Diluted bleach and phenolic-based disinfectants were utilized by the remainder. In addition, 32 (32%) of ICUs reported special practices for isolation precaution rooms at terminal cleaning. Among these, 91% reported changing privacy curtains, and 71% discarded unused disposable supplies.
Use of special products and technology
For skin antisepsis prior to central line insertion, 88 (90%) ICUs used a CHG plus alcohol product 90% of the time, 6 (6%) primarily used CHG plus alcohol 70% to 80% of the time, and 5 (4%) routinely used an antiseptic other than a CHG base. Antiseptic solutions were available in prepackaged vendor kits or individually picked supplies.
The use of special approach technologies are reported in Table 2 Use of antimicrobial products was substantial even in ICUs that reported needing improvement in basic practices (Table 3) . Among ICUs reporting less than 80% compliance with hand hygiene, 77% (17) routinely used antimicrobial CVC dressings, and 59% (13) routinely used antimicrobial catheters. Similarly, among ICUs reporting less than 80% compliance with CLABSI bundles, 80% (12) routinely used antimicrobial CVC dressings, and 73% (11) routinely used antimicrobial catheters. Use of special products did not appear to be different among groups reporting high versus low compliance with basic practices.
DISCUSSION
Evidenced-based protocols have been shown to reduce HAIs, resulting in an elimination of as many of 65% to 70% of cases of CLABSIs and catheter-associated urinary tract infections (CAUTIs), and up to 55% of cases of VAPs and SSIs. 21 Consequently, there have been increased demands for evidence-based infection control practices to both improve patient care and meet external pressures from state requirements and the Centers for Medicare and Medicaid Services, 22 yet there are few data regarding how well these programs have been incorporated into local workflows or the variety that exists among various facilities. To understand better these issues, we surveyed 55 hospitals regarding the use of previously established infection control programs in the ICU. We found that there was variability in infection prevention and control measures and that the use of special approaches and technologies was not always subsequent to the full implementation of basic evidence-based practices. Implementation of evidence-based practices has been shown to reduce HAIs, 17, 18, [23] [24] [25] and, therefore, consistent use of these basic practices (Table 2) should precede the deployment of technology solutions. This is in agreement with the Society for Healthcare Epidemiology of America Compendium guidance that recommends special approaches and technology only if CLABSI rates remain unacceptably high despite implementation of basic practices. 15 This survey revealed variation in compliance with infection prevention practices. Compliance with active surveillance, hand hygiene, and use of gloves and gowns was consistent; however, there remains room for improvement. The observed variation appeared to be a product of local practices and culture and may have contributed to the high reliance on special approach technologies. Whereas technology may appear to be a quick solution to the problem of HAIs, it should be considered a special approach and implemented only after assuring consistent, high compliance with basic, evidence-based practices. We found that antimicrobial catheters and CVC dressings were highly used regardless of compliance level with basic practices. Further research would be valuable to understand the reasons behind the use of these antimicrobial products to understand whether guidance is being followed. For example, among ICUs with lower compliance with basic practices, we do not know whether antimicrobial technologies were adopted in lieu of improving basic practices in response to elevated CLABSI rates. Similarly, we do not know whether ICUs with high compliance with basic practices adopted antimicrobial technologies preventatively or in response to elevated rates. Discussion with individual hospitals revealed that local pressure from managementdbecause of reduced reimbursement for HAIs and increased public reportingddrove some facilities to adopt technology before assessing compliance with basic practices. External pressures, from reporting requirements to intense marketing campaigns, in combination with the inherent challenges associated with changing behaviors and culture, has increased the interest in special approach technologies. Accordingly, there is an overall need to emphasize adherence to evidence-based practices and the appropriate use of technology.
The ICUs participating in this survey were encouraged to utilize programs previously shown to be associated with high compliance with basic practices, including guidance from experts in infection prevention, education, ownership and execution by clinicians at the local level, using "bundles" of care, data-driven tools to assess impact and to provide feedback to clinicians, and improvement of the safety culture. 26 Although support for these processes exists in the surveyed ICUs, additional efforts will be necessary to further increase compliance and reduce variation. This will be promoted through the development of reliable processes in combination with effective tools for teamwork and communication to achieve a culture of safety. The goal is for the integration of patient safety Table 3 Use of antimicrobial special technologies by hospital characteristics and basic practice compliance Antimicrobial CVC dressing use, % (n/N) and teamwork with evidenced-based interventions to reduce variation and achieve sustained improvement.
The major limitation of this survey is the self-reported nature of the survey data. Compliance with evidence-based processes was not validated. However, a parallel tracking of hand sanitizer and disposable gown ordersdindirect indicators for hand hygiene and barrier precautions, respectivelydshowed dramatic increases in these process measures related to reported compliance with evidence-based practices. 23 In addition, the use of chlorhexidine bathing and MRSA decolonization may be underestimated because this survey was undertaken by hospitals responding to a request for participation in a trial that required minimal use of these agents. The use of CHG based products is a considered a special approach and was known to be a study exclusion criteria which resulted in a lower practice prevalence.
CONCLUSION
The move toward public reporting mandates and changes in reimbursement, such as value-based purchasing, has dramatically increased hospital and public awareness to around HAI prevention. Rigorous adherence to evidenced-based interventions and appropriate use of technology can significantly impact HAI rates, but compliance with these measures varies greatly among facilities. Therefore, the quest to eliminate HAIs will require the development of effective strategies and action plans that can be implemented at the facility level while taking into account local resources and culture.
